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(54) Read focus optimization for an optical disk drive 



(57) Writing predetermined data pattern (1 94) to an 
allocated segment of a disk drive and appropriately 
reading that one data pattern while varying the read fo- 
cus characteristics provides for efficient and effective 
read focus optimization in an optical disk drive. In order 
to produce helpful data, the read focus offset is varied 
while reading the different segments of the data pattern, 
thus producing read out signals (196,198) with different 



peak to peak amplitudes (A-B,C-D). This is compared 
to data which is obtained by reading the same data pat- 
tern while the offset is held constant. Optimization of the 
read focus offset is carried out and made possible by 
appropriate analysis of the waveforms produced when 
reading the predetermined data pattern in these two 
reading passes. By appropriately tracking the results of 
the various read focus offsets, an optimum read focus 
offset can be easily determined. 
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Description 

[0001] The present invention relates to data storage 
systems utilizing an optical disk drive. More specifically, 
the present invention relates to an apparatus and sys- 
tem which optimizes the read focus offset in order to pro- 
vide optimal focus for a read head in an optical disk 
drive. 

[0002] I n optical data storage systems, it is necessary 
to read out data from a data storage media utilizing an 
optical system. This optical system will detect variations 
or marks in the datastorage media (e.g. an optical disk). 
These marks are written to the storage media in a mean- 
ingful manner and make up the stored data such that 
accurate retrieval is critical in order to reproduce the 
stored data. 

[0003] As expected, the optical system typically in- 
cludes various lenses and positioning devices which co- 
operate with one another to provide focusing on the data 
storage media. The optical characteristics of this system 
will often change over time thus causing variations in 
the system operation. These changes can result from a 
large number of things. Changes in temperature can 
cause related changes in optical properties, all of which 
dramatically affect the operation of the system. Further, 
the optical elements are typically mechanically posi- 
tioned and aligned. This alignment and positioning can 
vary as the disk drive itself encounters shock and vibra- 
tion. All of these misalignments affect the focusing of the 
read out system, and ultimately affect the performance 
of the disk drive. 

[0004] Typically, read out systems include mecha- 
nisms which allow some offset to be injected into the 
focusing control. Often, focusing is controlled by a servo 
which will drive a focus motor and appropriately position 
the focusing lens. As is well known, an offset can easily 
be introduced into this servo system in order to vary the 
focus operations. Due to the circumstances outlined 
above, it is necessary to periodically check the focusing 
operation and insure that optimum focusing parameters 
are being used. 

[0005] In addition to variations in the alignment of the 
focusing system, the actual storage media may not be 
consistent. Substrate thicknesses in the optical media 
often change from disk to disk. This requires that the 
read focus be optimized every time a disk is changed. 
[0006] While it is possible to optimize the read focus 
characteristics of the read out system in all appropriate 
circumstances, lengthy calibration procedures increase 
the overall spin-up time. As expected, speed is critical 
in data retrieval systems so a lengthy spin-up time is 
undesired. 

[0007] Various methodologies have been used to op- 
timize read focus offset. U.S. Patent 5,574,706 entitled 
"Focus Offset Optimization For Reading Optically-Re- 
corded Data" describes one such methodology wherein 
both control marks and reference data marks are re- 
corded in each frame when the disk is initially written. 



The recorded reference data marks are placed no far- 
ther apart than the smallest distance between two suc- 
cessive data marks which must be resolved as a blank 
space or zero during the read out process. Analyzing 

5 the signals produced when reading out these signals, 
and insuring that the distance between marks can be 
resolved allows for optimum read focus. This method 
requires the placement of these reference data marks 
be recorded in each frame however, thus adding to the 

10 complexity of the storage frames. Additionally, a rela- 
tively small number of marks are placed in each frame, 
thus the accuracy of any amplitude measurements is not 
optimum. Further, high speed focus optimization is not 
best accomplished using this method. 

15 [0008] Further systems have used isolated data sec- 
tors which are continually read at different read focus 
offset levels. This process however is quite time con- 
suming as it requires the same data sector to be read 
multiple times. Using this methodology, the same data 

20 sector is read in order to ensure that variations in media 
quality and signal characteristics are accounted for. As 
can be appreciated, however, this process is time con- 
suming. In order to read the same data sector, one com- 
plete revolution is required between each reading cycle. 

25 Consequently, if samples are to be taken at 30 different 
focus offset levels, at least 30 revolutions of the disk are 
required. 

[0009] It is beneficial to develop a system and process 
for efficiently optimizing the read focus of an optical stor- 
30 age system. Such an optimum system would preferably 
be fast, efficient, and would utilize only a small amount 
of disk space. 

[0010] According to one aspect of the present inven- 
tion, there is provided a method of optimizing the read 

35 focus of an optical data storage system having a read 
focus control system, the method comprising: storing a 
predetermined data pattern on an optical media at a pre- 
determined location, wherein the predetermined data 
pattern includes a plurality of sectors; reading the pre- 

40 determined data pattern from the plurality of sectors 
while varying a focus offset for the focus control system 
and storing the resulting waveforms so that the varied 
focus offset is correlated to plurality of sectors; deter- 
mining an average amplitude value for the waveforms 

45 in each of the sectors; and determining which offset is 
optimum based on a predetermined criteria. 
[001 1 ] According to a further aspect of the present in- 
vention, there is provided a method for optimizing the 
read focus offset in an optical storage system which in- 

50 eludes a predetermined optimization pattern written to 
a storage disk, the method comprising: reading the op- 
timization pattern while maintaining the read focus offset 
constant and storing a baseline amplitude signal; read- 
ing the optimization pattern while varying the read focus 

55 offset and storing a resulting variable amplitude signal; 
analyzing the baseline amplitude signal and the variable 
amplitude signal to produce a difference array indicative 
of the change in the amplitude signal caused by varying 
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the offset; and analyzing the difference array to deter- 
mine which amount of read focus offset produced the 
largest positive value in the difference array. 
[0012] The present invention preferably provides a 
system and method for read focus optimization which is 
both efficient and accurate. Further, read focus optimi- 
zation can be accomplished fairly quickly, thus avoiding 
long spin up time period. 

[0013] Prior to the actual process of read focus opti- 
mization, the data storage media or disk of the present 
invention is prewritten with three tracks of data specifi- 
cally configured for the read focus optimization function. 
These prewritten tracks are placed at or near the middle 
radius of the disk, as this area is more representative of 
the user area than other portions of the disk. 
[0014] According to a further aspect of the present in- 
vention, there is provided an optimised data storage 
system capable of adjusting the read focus offset to pro- 
vide optimum data reading capabilities, the system com- 
prising: 

a data storage media having a predetermined data 
pattern prewritten in a plurality of data sectors ther- 
eon; 

a read mechanism associated with the storage me- 
diator reading data and producing a data output sig- 
nal at a data output, the read mechanism having a 
focus offset system for introducing a focus offset in- 
to the read mechanism; and 
a controller attached to the read mechanism for re- 
ceiving and analyzing the data output signal, the 
controller for further having a controller output at- 
tached to the read mechanism to control the focus 
offset system, wherein the controller initiates a first 
read pass wherein the predetermined data pattern 
is read while the focus offset is kept constant pro- 
ducing a baseline data set at the data output, and 
a second read pass wherein the focus offset is var- 
ied between a maximum offset and a minimum off- 
set producing a varied data set at the data output, 
the controller for further analyzing the baseline data 
set and the varied data set to determined which fo- 
cus offset produces an optimum data output signal. 

[0015] The prewritten tracks of data are made up of 
data patterns which are chosen to simplify the read fo- 
cus optimization process. The specific patterns are pre- 
dominantly or exclusively made up of 3T data patterns 
of the RLL 1, 7 Code. By using this specific pattern, a 
focus offset can be determined which provides the max- 
imum peak to peak amplitude when the 3T pattern is 
read out. Alternatively, the specific data pattern could 
be predominantly or exclusively a 2T pattern, or some 
other predetermined data pattern, including a combina- 
tion of the 3T and 2T patterns. 

[0016] In order to provide realistic conditions, three 
parallel tracks of data are written at the center radius, 
with only the center track including the predetermined 



data pattern. The two adjacent tracks can be written with 
any data pattern in order to create interference (cross 
talk) as is typically with user data. When the data is read 
for purposes of focus optimization however, only the 

5 center track is utilized. 

[0017] In order to determine the optimum read focus, 
a specially tailored read function is carried out. In this 
read process, the above referenced center track of pre- 
recorded data is read out from the storage media in a 

10 specific manner. Also, rather than simply decoding this 
data and providing decoded data to the data buffer, peak 
to peak amplitude data is provided. The transferred am- 
plitude data is preconditioned over a few channel bit 
samples in order to reduce the effects of system noise 

15 and media defects. 

[0018] When reading out this predetermined data pat- 
tern, variations in the read focus are made. As is well 
known, the focus motor includes a servo control. Varia- 
tions in read focus is accomplished by injecting offsets 

20 into this servo control at various points throughout the 
read process. More specifically, the focus offset is varied 
in a predetermined manner so that predetermined off- 
sets are used in various sectors. In one embodiment of 
the present invention, the read focus offset starts at a 

25 maximum value and is decremented through a prede- 
termined range. This predetermined range is estab- 
lished by factory default settings established by the 
manufacturer. After all the data is collected, an average 
3T amplitude can then be calculated for each data sec- 

30 tor. 

[0019] In order to quickly perform read focus optimi- 
zation, the read function actually utilizes two separate 
read passes. In the first pass no variable read focus off- 
set is used. In the second pass, the same track is read 

35 while the offset is varied as mentioned above. Based on 
these two read passes, an amplitude variation can then 
be determined for each data sector. Specifically, the 3T 
peak to peak amplitude from the first pass is compared 
with the 3T peak to peak amplitude from the second 

40 pass for each data sector. The data sector with the larg- 
est positive difference is determined to have the optimal 
focus offset, and provides an optimum offset setting for 
the read focus servo system. This focus offset can then 
be used when user data is read. This process is effi- 

45 ciently carried out as only two revolutions of the disk are 
required. 

[0020] As can be seen from the details outlined 
above, the system and process of the present invention 
accomplishes read focus optimization utilizing only 

50 three data tracks in the center of the optical disk. Con- 
sequently, the remainder of the area is available for user 
data writing. This provides for efficient use of the data 
media. Also, the read focus optimization process can be 
quickly carried out, thus reducing the initialization or 

55 spin-up time required for the disk. 

[0021] Preferred embodiments of the present inven- 
tion seek to provide a method for optimizing the read 
focus of an optical storage system which minimizes me- 
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dia consumption. That is, the process does not utilize 
large amounts of storage media simply for the read fo- 
cus optimization process. 

[0022] Furthermore the present invention advanta- 
geously provides a method and system for carrying out 
read focus optimization which is relatively fast and effi- 
cient. 

[0023] Further embodiments of the present invention 
seek to utilize a prewritten track of read focus data which 
includes predetermined data patterns when carrying out 
read focus optimization. 

[0024] For a better understanding of the present in- 
vention, and to show how the same may be carried into 
effect, reference will now be made, by way of example, 
to the accompanying drawings, in which:- 

Fig. 1 is a schematic diagram illustrating an embod- 
iment of the disk control system of the present in- 
vention; 

Fig. 2 is a flow chart illustrating an embodiment of 
the process of read focus optimization of the 
present invention; 

Figure 3 is a conceptual drawing showing the pre- 
determined data patterns used and the resulting re- 
adout signals; 

Figure 4 is an additional conceptual drawing show- 
ing the use of an alternate predetermined data pat- 
tern; and 

Figure 5 is a graphical representation of the ampli- 
tude differences for various sectors when the read 
offset has been varied. 

[0025] Referring now to Figure 1, there is shown a 
schematic diagram of the disk storage system 1 0 which 
must periodically perform the read focus optimization 
process outlined below. The core component of storage 
system 1 0 is an optical media 1 2. This optical media 1 2, 
could include an optical disk however is not necessarily 
limited to that type of device. Disk storage system 10, 
necessarily has a read/write system 14 incorporated 
therein for writing data to the optical media 1 2, and read- 
ing data therefrom. Storage system 10 further includes 
drive electronics 16 for operating the functions of the 
drive. Also associated is a drive controller 20 which in- 
cludes a memory or RAM 24. Interacting with the output 
from read/write head 14 is a read/write channel 26 which 
necessarily includes an internal decoder (now shown). 
Read/write channel 26 is capable of producing either de- 
coded or nondecoded data and providing this data to 
controller 20. Controller 20 also communicates with a 
host system (not shown) to respond to its data storage 
and retrieval needs. 

[0026] It will be understood that many variations could 
be incorporated into this component hardware. Also, 
many additional functions may be undertaken by con- 
troller 20 or may be controlled by other components. 
[0027] Read/write head 14 includes various compo- 
nents which are necessary for its operation. Specifically, 



a radial actuator 30 is included for accommodating ra- 
dial motion for read/write system 14. Also, a vertical ac- 
tuator 32 is included to move appropriate components 
closer to the surface of optical media 12 when neces- 
5 sary. Vertical actuator 32 may also be referred to as a 
focus motor as it typically moves a focusing lens 34 into 
its optimum position. Lastly, read/write system 14 in- 
cludes a laser and detector 36 for appropriately produc- 
ing optical signals for use in either writing or reading to 
the optical media. Additionally, this laser and detector 
system cooperates with the light signals produced to de- 
tect data which has already been written to optical media 
12. 

[0028] Also included in storage system 1 0 is a spindle 
motor 40 for controlling the rotational movement of op- 
tical media 1 2. Drive electronics 1 6 cooperate with all of 
these components to appropriately coordinate their 
functions and provide reading and writing capabilities. 
[0029] The vertical actuator 32 or focus motor, is typ- 
ically a servo controlled system for accurately position- 
ing focusing lens 34. As is well known, it is always pos- 
sible to insert an offset signal into any servo loop, thus 
forcing the control points to vary. In the case of vertical 
actuator 32, this offset will cause focusing lens 34 to be 
moved to various positions. Stated alternatively, the off- 
set is used to make minor adjustments to positioning in 
order to achieve optimum performance. As outlined 
above, it is the goal of this invention to optimize this lens 
positioning in order to achieve the most efficient and re- 
liable read out. 

[0030] Referring now to Figure 2, there is shown a 
flow chart outlining the read focus optimization process 
1 00 of the present invention. As can be seen, this proc- 
ess starts at step 110 which is typically initiated during 
an initialization or read process of the disk drive. In the 
first process step, 111, the pre-set focus offset is read 
from the drive. This is a parameter set by the drive man- 
ufacturer and will vary for each drive. Based on this pre- 
set focus offset, the controller can compute a desired 
offset range. Next, in step 112, the prewritten data pat- 
tern is first read in its entirety. During this first read step, 
or pass, the read focus is maintained at the pre-set focus 
offset. Alternatively, any constant value could be used. 
[0031 ] As further described below, the prewritten data 
pattern or RFO data set will occupy three allocated 
tracks at the center of the disk. The center tracks were 
chosen because they more accurately represent user 
data sections. Further, these particular data sectors are 
typically free of defects and surface variations that are 
typically encountered near the edges of a disk. The 
three data tracks consist of one predetermined pattern 
or data set, and two adjacent data patterns. The two ad- 
jacent patterns can be random and are not specifically 
used in the read focus optimization process. These ad- 
jacent tracks do create cross talk and interference how- 
ever, thus help to accurately simulating a typical read 
operation. 

[0032] During the first read pass in step 1 1 2, an aver- 
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age non-decoded amplitude data value is determined 
for each sector of the RFO data set. This non-decoded 
amplitude data is stored in a data buffer and will be used 
in later steps to analyze the actual read focus of the 
read/write head. As mentioned above in reference to 
step 1 1 2, the focus offset for the first read pass is main- 
tained constant. Consequently this first set of amplitude 
data provides a base line upon which further compari- 
sons can be made. 

[0033] Next, in step 116 the read focus data pattern 
is read for a second time. In this second read pass how- 
ever, the offset is varied. This variable offset reading 
process, used in the second pass, is further described 
and shown in Figure 2 as steps 140 through 154. 
[0034] Starting at step 1 40 the variable offset reading 
process is started. Next, the system moves to step 142 
where a counter, n, is set to zero. This counter will be 
used to track the reading of various data sectors 
throughout the predetermined data pattern and essen- 
tially identifies the sector being read. Next, in step 144 
the read focus offset is set to its maximum value. This 
maximum value was previously calculated in step 112 
based upon information from the disk manufacturer. 
[0035] In step 146 the system asks if counter value n 
is odd. If the value is odd (indicating that an odd sector 
will be read) the process moves to step 148 where the 
read focus offset is decremented by one step. Next, in 
step 150, data sector n is read and the non-decoded 
amplitude data is stored. If it was determined that n was 
even, (in step 146) the reading process of step 150 is 
also initiated. Again, this involves providing non-decod- 
ed amplitude data to a data buffer for further analysis. 
Following the reading of sector n, the system deter- 
mines whether sector n is the last data sector in step 
152. If this is the last data sector, the process then 
moves to step 154 wherein the reading of the second 
pass is complete. Alternatively, if sector n is not the last 
data sector, the process moves to step 156 where the 
counter n is incremented by 1, and then back to step 
146 wherein the system again determines if it is reading 
an odd or even sector. Subsequently, the process will 
go through steps 146 (odd/even determination), step 
148 (vary offset), and step 150 (read sector n) until the 
entire track of read focus data has been read. 
[0036] In summary, the variable offset reading proc- 
ess outlined in steps 1 40 through 1 56 switches the read 
focus offset prior to reading each odd sector. Typically 
there is a delay time required before the read focus off- 
set will be stable. In the process outlined above, this de- 
lay time overlaps with the reading of odd sectors, thus 
producing somewhat unstable read data. However, 
when the subsequent even frame is to be read, the read 
focus offset setting will have stabilized. Thus, data read 
in the even sectors is determined to be reliable and sta- 
ble for purposes of evaluating the read focus offset. 
Based on the speed of electronics being used, the focus 
offset may also be stable while reading the odd sectors. 
Switching the focus offset only before reading the odd 



frames provides additional settling time to insure stabil- 
ity. 

[0037] Following the second pass of reading the read 
focus data, the information is then processed and ap- 

5 propriately stored. Instep 120, an average amplitude for 
each data sector is calculated using the stored ampli- 
tude data from the second reading pass. Using this cal- 
culated amplitude average for each sector, a variation 
level or difference level is then determined. More spe- 

10 cifically, within each sector the average amplitude from 
the first read pass (or "base line" pass) is compared with 
the average amplitude fron the second read pass (or 
variation pass). Using these average amplitude values, 
an amplitude difference for each data sector can be de- 

15 termined as shown in step 122. The calculation of an 
amplitude difference for the various sectors provides a 
read focus optimization method that is particularly fast 
and efficient. As seen, these difference values are de- 
veloped using only two passes of the read/write head. 

20 Consequently, only two revolutions of the disk are nec- 
essary. Also, because the same data sectors are being 
compared, any variations due to media or data quality 
are inherently eliminated. 

[0038] The amplitude difference values are then com- 

25 pared in step 1 24 and the sector with the largest ampli- 
tude difference is identified. Specifically, the system de- 
termines the sector number which has the largest pos- 
itive amplitude difference. This sector is determined to 
be the optimum read focus sector. Based on this iden- 

30 tification, the read focus offset used for that optimum 
sector is determined in step 126. This offset value will 
be stored in memory as part of the predetermined offset 
range. The sector with the largest positive amplitude dif- 
ference is determined to be using the optimum read fo- 

35 cus offset. Consequently, the read focus offset for the 
remaining read operations is set to the identified value 
and is subsequently used during the remaining read op- 
erations for the drive. The read focus optimization proc- 
ess 100 then ends at step 128 as the optimum offset 

40 has now been determined and can be used. 

[0039] Referring now to Figure 3, there is shown a 
graphical representation of the actual data pattern used 
and the signal analysis of the present invention. In the 
preferred embodiment of the present invention, data is 

45 recorded in 1 , 7 run-length-limited code (RLL 1 , 7 Code). 
As is well known, this code contains several data pat- 
terns which can include the 2T pattern and the 3T pat- 
tern. The 2T pattern provides the highest frequency sig- 
nal possible in this code. The 3T pattern (and other pat- 

50 terns) provide signals at a lower frequency but typically 
having a higher amplitude when read. 
[0040] Figure 3, shows three data tracks, a first data 
track 180, a second data track 182 and a third data track 
184. As can be seen, first data track 180, second data 

55 track 1 82 and third data track already have a data pat- 
tern written thereon. Most importantly, a predetermined 
read focus data pattern (a 3T pattern) has been written 
on second track 182, while various random data pat- 
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terns have been written in the first track 1 80 and the third 
track 184. The read focus data pattern will be sampled 
in order to perform the read focus optimization as out- 
lined above. 

[0041] Figure 3 shows two segments of the predeter- 
mined data pattern - a first segment 1 90 and a second 
segment 192. These two segments are separated, so 
as to represent two separate data sectors. This also 
demonstrates the effects of varying the read focus off- 
set. For reference, a specific clock reference 186 is 
marked for each segment. As can be seen, the 3T pat- 
tern is shown in both first segment 1 90 and second seg- 
ment 1 92 on center track 1 82. The marks or spots 1 94 
on center track 1 82 in first segment 1 90 are sized to cov- 
er three clock periods and are spaced three clock peri- 
ods apart. Similarly, the marks 1 94 on second track 1 82 
in second segment 192 are configured to cover three 
clock periods and are spaced three clock periods apart. 
These are well known characteristics of the 3T wave- 
form. 

[0042] When reading out this 3T pattern in the first 
segment 190, a very predictable waveform 196 is pro- 
duced. At each clock period, the waveform is sampled, 
as indicated by the dots on waveform 1 96. Similarly, the 
waveform 198 produced in the second segment 192, is 
sampled, as indicated by the dots. From processing 
these waveforms, Level A 200, Level B 202, Level C 
204 and Level D 208 are determined. As can be seen, 
data points A 1? A 2 ... A 12 provide the basis for determin- 
ing Level A 200. Similarly, data point B 1s B 2 ... B 12 pro- 
vide the basis for determined Level B 202. Likewise, da- 
ta point C-| , C 2 ... C 8 provide any basis for determining 
Level C 204. Lastly, data point D 1 , D 2 ... D 8 provide the 
basis for determining Level D 208. 
[0043] As discussed above, the write offset data pat- 
tern is read twice, first without any offset variation and 
a second time with varied offsets for multiple sectors. 
Comparing the waveform 196 produced in first sector 
190 and the waveform 198 produced in second sector 
1 92, it can be seen that the peak values have changed. 
Waveform 196 has a peak to peak value of A-B, while 
waveform 1 98 has a peak to peak value of C-D. As out- 
lined above, the difference between these two peak to 
peak amplitude values is exactly the value that is sought 
by the present invention. Using the specific waveforms 
shown in Figure 3, this information would indicate that 
the read focus offset used to read data in segment 1 90 
is more optimum than the offset used to read data in 
segment 1 92. Consequently, the offset used in segment 
190 would be chosen as the more optimum read focus 
offset value. 

[0044] Referring now to Figure 4, there is shown an 
alternative drawing illustrating another data pattern 
which could be used in the read focus offset process. 
Again, a first data track 280, a second data track 282, 
and a third data track 284 are shown. Each of these data 
tracks are prewritten on the disk and have already been 
identified for use in read focus optimization processes. 



As outlined above, only second track 282 will be utilized 
in the actual read focus optimization processes, while 
first data track 280 and third data track 284 are specifi- 
cally configured to produce crosstalk and interference 
5 (thus more closely simulating actual read operations). 
The specific data track shown in Figure 4 create a worst 
case scenario due to the similarity in the three data 
tracks. 

[0045] The data pattern shown in Figure 4 includes 
10 both 3T and 2T components. As seen, a first mark or 
dot 294 is sized to cover three clock periods wherein a 
second mark 296 is sized to cover only two clock peri- 
ods. While this data pattern is not necessary, it may well 
be used in other processes, such as write power cali- 
fs bration. Thus, it is oftentimes beneficial to use the same 
data pattern and thus minimize disk space used for 
these operations. 

[0046] When reading out the data from center track 
282, a very predictable wave form 298 is produced. As 

20 described above, this wave form can easily be analyzed 
to determine the optimum read focus offset for the par- 
ticular drive. That is, this same data pattern could be 
read while altering the read focus offset. Since the data 
pattern will be consistent, comparisons can be easily 

25 made. 

[0047] Lastly, shown in Figure 5 is a data chart illus- 
trating the results of the read focus optimization proc- 
ess. On this chart 300, the amplitude difference 302 is 
charted versus the sector number 304. Using this infor- 

30 mation, the data can be further processed using several 
data processing algorithms to determine which sector 
provides a maximum positive difference value. For ex- 
ample, this data can easily be processed using averag- 
ing techniques or curve fitting algorithms to determine 

35 a specific instance with the largest positive difference 
value. In this particular case, shown in Figure 5, sector 
48 has been identified as having the largest positive dif- 
ference value. Thus the read focus offset used during 
reading this sector is determined to be the most opti- 

40 mum offset setting and will be used in all subsequent 
read operations. 

[0048] Those skilled in the art will further appreciate 
that the present invention may be embodied in other 
specific forms without departing from the spirit or central 

45 attributes thereof. In that the foregoing description of the 
present invention discloses only exemplary embodi- 
ments thereof, it is to be understood that other variations 
are contemplated as being within the scope of the 
present invention. Accordingly, the present invention is 

50 not limited in the particular embodiments which have 
been described in detail therein. Rather, reference 
should be made to the appended claims as indicative of 
the scope and content of the present invention. 



Claims 

1 . A method of optimizing the read focus of an optical 
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data storage system having a read focus control 
system, the method comprising: 

storing a predetermined data pattern on an op- 
tical media at a predetermined location, where- 
in the predetermined data pattern includes a 
plurality of sectors; 

reading the predetermined data pattern from 
the plurality of sectors while varying a focus off- 
set for the focus control system and storing the 
resulting waveforms so that the varied focus 
offset is correlated to plurality of sectors; 
determining an average amplitude value for the 
waveforms in each of the sectors; and 
determining which offset is optimum based on 
a predetermined criteria. 

2. The method of claim 1 further comprising: 

reading the predetermined data pattern while 
maintaining the focus offset constant and stor- 
ing a resulting baseline waveform, so that the 
baseline waveform can be used to compute a 
baseline average amplitude value for each of 
the sectors based upon the baseline waveform; 
and 

comparing the baseline average amplitude with 
the average amplitude value to develop a dif- 
ference value for each sector, wherein the op- 
timum focus offset is determined by analyzing 
the difference values for each sector. 

3. The method of claim 1 or 2 wherein each one of the 
plurality of data sectors contain an identical data 
pattern. 

4. The method of claim 3 wherein the data pattern in- 
cludes 2T and 3T components. 

5. The method of any preceding claim, wherein the op- 
tical media is an optical storage disk and the prede- 
termined location includes one test data track of the 
optical storage disk. 

6. The method of claim 5 wherein the test data track 
is adjacent a first interference track, wherein the in- 
terference track is previously written to the optical 
storage disk. 

7. The method of claim 6 wherein the data stored on 
the first interference track is identical to the data 
stored on the test data track. 

8. The method of claim 7 wherein the data stored on 
the first interference track is offset from the test data 
track by a predetermined amount. 

9. The method of any one of claims 6 to 8, further in- 



cluding a second interference track adjacent the 
test data track and opposite the first interference 
track. 

5 10. The method of any preceding claim, wherein the fo- 
cus offset is varied between a maximum offset and 
a minimum offset. 

11. The method of any preceding claim, wherein the 
10 predetermined criteria involves determining which 

focus offset produced the largest positive difference 
value. 

12. A method for optimizing the read focus offset in an 
15 optical storage system which includes a predeter- 
mined optimization pattern written to a storage disk, 
the method comprising: 

reading the optimization pattern while maintain- 
20 ing the read focus offset constant and storing a 

baseline amplitude signal; 
reading the optimization pattern while varying 
the read focus offset and storing a resulting var- 
iable amplitude signal; 
25 analyzing the baseline amplitude signal and the 

variable amplitude signal to produce a differ- 
ence array indicative of the change in the am- 
plitude signal caused by varying the offset; and 
analyzing the difference array to determine 
30 which amount of read focus offset produced the 

largest positive value in the difference array. 

13. The method of claim 12 wherein the optimization 
pattern is sized to occupy one of a plurality of sec- 

35 tors on the disk, wherein the identical optimization 
pattern is written to a plurality of sectors. 

14. The method of claim 12 or 13 wherein the optimiza- 
tion pattern includes 2T and 3T components. 

40 

15. The method of claim 13 wherein the plurality of sec- 
tors occupy one track of the storage disk. 

16. The method of claim 15 wherein the track occupied 
45 by the plurality of sectors is surrounded by a plural- 
ity of interference tracks. 

17. The method of claim 16 wherein the interference 
tracks contain a plurality of interference patterns 

50 which are identical to the optimization patterns. 

18. The method of claim 17 wherein the interference 
patterns are offset from the optimization patterns. 

55 19. The method of any one of claims 12 to 13, wherein 
the read focus offset is varied between a maximum 
offset and a minimum offset. 
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20. An optimized data storage system capable of ad- 
justing the read focus offset to provide optimum da- 
ta reading capabilities, the system comprising: 

a data storage media having a predetermined 5 
data pattern prewritten in a plurality of data sec- 
tors thereon; 

a read mechanism associated with the storage 
media for reading data and producing a data 
output signal at a data output, the read mech- 10 
anism having a focus offset system for introduc- 
ing a focus offset into the read mechanism; and 
a controller attached to the read mechanism for 
receiving and analyzing the data output signal, 
the controller for further having a controller out- 15 
put attached to the read mechanism to control 
the focus offset system, wherein the controller 
initiates a first read pass wherein the predeter- 
mined data pattern is read while the focus offset 
is kept constant producing a baseline data set 20 
at the data output, and a second read pass 
wherein the focus offset is varied between a 
maximum offset and a minimum offset produc- 
ing a varied data set at the data output, the con- 
troller for further analyzing the baseline dataset 25 
and the varied data set to determine which fo- 
cus offset produces an optimum data output 
signal. 

21. The optimized data storage system of claim 20 30 
wherein the data output signal is a non-decoded 
signal. 

22. The optimized data storage system of claim 20 or 

21 wherein the plurality of data sectors occupy a 35 
single track of the data storage media. 

23. The optimized data storage system of claim 20, 21 
or 22, wherein each data sector contains the pre- 
determined data pattern, and the predetermined 40 
data pattern includes 2T and 3T components. 

24. The optimized data storage system of any one of 
claims 20 to 23, wherein the data analysis includes 

the production of a difference data set by subtract- 45 
ing the baseline data from the varied data set. 
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the various read focus offsets, an optimum read focus 
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